Stimulated emission from chemically formed excited iodine molecules has been observed. The emission originates from the vibrational state v' -55 of /2(B 3 /7). The excited molecules are produced by a three body recombination reaction.
In 1938 Porret and Goodeve [1] suggested that dissociation of methyl iodide by ultraviolet light results in formation of iodine atoms mostly in an excited state. The resulting population inversion of atomic iodine states was subsequently successfully utilized by Kasper and Pimentel [2] to produce stimulated 1315 nm infrared emission. Later studies [3, 4] showed that particularly high inversion occurs in the dissociation of perfluorinated alkyl iodides.
Another important factor contributes to the high laser amplification in these systems: the excited iodine atoms in the 2 PI/2 state exhibit a very low deactivation rate in collisions with the parent molecules. Measurements of the effective lifetime of excited iodine atoms in the presence of perfluorinated alkyl iodides [5, 6] showed this to be almost equal to the natural lifetime under the experimental conditions.
In 1979 Stephan and Comes [7] discussed a chemiluminescence occurring during the photolysis of W-C3F7I; the effect was attributed to the recombination of two iodine atoms, one of them in the excited 2 PI/2 state: The experimental setup in these studies was one designed to permit observation of the chemiluminescence under particularly pure and well-defined conditions. The rate of deactivation of iodine atoms in the 2 Pi/2 state by collision with n-C3F7l is exceptionally low. The rate constant for the process
is 1c2 = 4.6 X 10-17 cm 3 molec -1 s _1 , as determined by Stephan and Comes [7] , If, however, these excited iodine atoms collide with 12, they are very efficiently deactivated; the probability of deactivation is 6 X 10 5 times as great as when the collision partner is ?i-C3F7I [8] . Thus, in order to minimize 0340-4811 / 82 / 0300-0238 $ 01.30/0. -Please order a reprint rather than making your own copy.
the photochemical production of 12, the energy supplied for the primary photodissociation of n-C3F7I should be limited as much as possible. The luminescence spectrum was observed by means of a scanning monochromator, as described by Stephan and Comes [7] , The need for high purity precluded the use of a flow system; constant renewal of the reactant was required.
To satisfy this requirement for great purity, the measuring technique was altered, and the detection sensitivity greatly enhanced by two expedients: the use of imaging optics to improve the utilization of the isotropic fluorescence radiation, and use of a cooled optical multichannel analyzer as detector, permitting -in conjunction with a polychromator -instantaneous recording of the entire spectrum after each photolysis flash. Data acquisition and processing was performed by a microprocessor. The ability to record all needed spectra with one fixed setting of the polychromator also meant that wavelengths could be determined with great accuracy. The wavelength scale was calibrated by means of the LIF spectrum of /2, excited by the 514 nm line of a single-mode Ar+ laser. The experiments were performed under two different sets of conditions:
1. pure 71-C3F7I at 6 Torr, and 2. n-C3F7I (6 Torr) mixed with argon (100 Torr).
The high sensitivity of the fluorescence detection system permitted acquisition of a chemiluminescence spectrum with as few as 5-10 photolysis flashes. Compared with the traditional method of observation, using a scanning monochromator, this represents a reduction by a factor of more than 1000 in the time required for one measurement. Figure 1 shows that the "continuous" chemiluminescence spectrum (curve A), obtained with pure W-C3F7I, on addition of 100 Torr argon develops a pronounced band structure, (curve B), which can clearly be identified with the structure of the B-X emission. As the band emission grows in intensity, the "continuous" emission decreases correspondingly. A very similar result (curve C) is obtained by focusing the laser beam instead of adding argon. The diameter of the beam is reduced to about onethird of its original 3 mm value.
This last observation shows especially clearly the threshold nature of the emission phenomenon. Evidently the function of argon is only to maintain the necessary concentrations of I and /*, and thus
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[ XI M J Fig. 1. 12 (B-X) emission and superfluorescence, uncorrected for spectral response of the Optical Spectrum Analyser with the following experimental conditions. A) pure «-C3F7I at 6 torr, B) n-C^F?! at 6 torr plus argon at 100 torr, C) pure W-C3F7I at 6 torr with focussed photolysis beam, D) pure I2 at 0.033 torr excited with the 514.5 nm Ar+-laserline to B 3 77, v' = 43, J' = 12, 16. As A) and D) were recorded using a 600 lines/mm grating, while a 1200 lines/mm grating was used for B) and C),the spectral region covered in B) and C) only partially overlaps that in A) and D).
also that of /*, which decreases by diffusion in the system. Alternatively, the loss by diffusion can be offset by substantially increasing the initial concentration of iodine atoms, in the volume in which they are produced, by focusing the photolysis beam.
The spectra shown in Fig. 1, curves B As expected, slight contamination of the system by photochemically produced I2 kills the super-
